INTRODUCTION
The quality of service provided to hospitalized patients deserves greater attention in tertiary hospitals.
(1) Several methods of measuring hospital quality are employed to assess services, including accreditation processes. (2) (3) (4) One of the strategies suggested in the accreditation process that may improve quality of care and reduce hospital mortality is the implementation of rapid response teams (RRT), also known as emergency medical teams, code team/blue code teams, or cardiac arrest teams.
Rapid response teams are composed of health professionals dedicated exclusively to providing care to hospitalized patients identified as being at high risk for worsening prognoses. Rapid response teams are implemented with the aim of preventing cardiac arrest in patients admitted to hospital wards and, therefore, reducing in-hospital mortality. (5) Rapid response team implementation was considered a priority intervention in the American "5 Million Lives" campaign. (6) This campaign was implemented in 2004 by the Institute for Healthcare Improvement, (4) with the objective of decreasing the number of deaths in the United States by 5,000,000 in two years. Since this campaign, the implementation of RRTs has been recommended by most accreditation agencies. (6) A study conducted in three emergency hospitals in Australia showed that approximately 67% of deaths in hospitalized patients occurred in open ward units. (7) It is estimated that patients who have cardiac arrests generally present with symptoms or clinical signs that predict the occurrence six to eight hours before the event. (5) The most common signs of cardiac arrest among 66% of examined patients are desaturation and hypotension, findings that were verified in several studies conducted in hospitals with different conditions and structures. (7) (8) (9) (10) The idea of a RRT originated from trauma teams trained to recognize the signs of early clinical deterioration and rapidly respond to the needs of trauma patients, first introduced in Australia in 1989. (11) Rapid response team composition often differs across hospitals. Some institutions have teams that comprise medical doctors, intensive care nurses, and physiotherapists, (12, 13) and in most hospitals, medical doctors serve as the RRT coordinators. (14) Rapid response teams screen and treat inpatients with signs of clinical deterioration. (15) The failure of the detection of this deterioration can reduce the effectiveness of RRTs. (16) Additionally, RRTs were included as the fifth link in the chain of survival described in the Advanced Cardiac Life Support Subcommittee statement. (17, 18) The effectiveness of RRTs remains controversial because the available evidence regarding their impact is inconsistent. (19) (20) (21) (22) (23) In a meta-analysis conducted by the Cochrane Collaboration in 2007, the effectiveness of RRTs could not be definitively concluded, mainly due to the number of studies using inappropriate methodology or having a low level of evidence. (23) The results of another meta-analysis performed in 2010 demonstrated the effectiveness of RRTs, identifying a significant reduction in the number of cardiorespiratory arrests in adults (relative risk -RR = 0.66, 95% confidence intervals -95%CI 0.54 -0.80) but a nonsignificant reduction in mortality (RR = 0.96, 95%CI 0.84 -1.09). (24) The results of the most recent meta-analysis, which was conducted in 2015 and evaluated studies published up to 2013, indicated the presence of statistically significant reductions in mortality (13%) and cardiac arrests (35%). (25) Subsequently, other studies evaluating RRT effectiveness were published, (19, 20, (26) (27) (28) (29) justifying the need for an updated meta-analysis on this subject.
Thus, we aimed to conduct a systematic review to examine the available scientific evidence examining the effectiveness of RRT in reducing hospital mortality and cardiac arrests. The outcomes studied were reductions in mortality and cardiac arrest occurrences among adult patients admitted to hospital wards.
METHODS

Data source and study selection
A systematic literature review was performed according to the PRISMA guidelines. (30) The research question was developed using the PICOS strategy (Table 1) .
A search of the MEDLINE (by PubMed), Cochrane Library, Center for Reviews and Dissemination, and LILACS databases was conducted on February 1, 2016, to identify relevant literature; specific search strategies using the syntax and search engine of each database were used to obtain the highest possible sensitivity ( Table 2) . A manual search of the references of included studies was also conducted. The search was restricted by language (articles in Portuguese, English or Spanish) and date (articles that had been published since 2000).
We included studies that enrolled adults and assessed the effectiveness of RRT relative to no RRT in relation to hospital mortality or cardiac arrest in open hospital units. Only pre-post ecological studies, clinical trials, cohort studies, and meta-analyses that reported quantitative measures of either outcome were included.
Articles were independently selected by two researchers. Articles were initially selected based on the title and abstract. Then, duplicate articles and articles Cochrane Library (tw:("rapid response team")) AND (tw:("mortality hospital")) (tw:("rapid response team")) AND (tw:("cardiac arrest"))
Centre for Reviews and Dissemination "rapid response team" AND "mortality" "rapid response team" AND "cardiac arrest" that did not meet the inclusion criteria were excluded. When disagreements occurred, the appraisers jointly reviewed the articles to reach a consensus. The full texts of the selected articles were obtained for comprehensive review. The quality of the articles was evaluated using the following tools: the Newcastle-Ottawa Scale (NOS) for cohort studies, (31) the modified Jadad scale for clinical trials, (32) and the Assessment of Multiple Systematic Reviews (AMSTAR) for systematic reviews. (33) Two researchers also independently performed quality assessments, classifying the articles as good, medium, or poor quality according to the criteria of each scale. When disagreements occurred during quality evaluation, the evaluators jointly reviewed and discussed each article until a consensus was reached. Articles assessed as being of poor quality were excluded from the study.
We also considered the potential impact of novel research on our confidence in the effect estimates reported by the studies. To do so, the quality of evidence was assessed using the GRADE system. Evidence was classified as high (very unlikely that novel research will affect our confidence in the effect estimates); moderate (novel research may have a major impact on our confidence in the effect estimates); low (very likely that novel research may have a major impact on our confidence in the estimate); and too low (the validity of the effect estimates is uncertain).
Data extraction
Information on the study design, population, outcome measures, results and limitations was extracted from each study.
For all studies, the primary association evaluated and extracted was the effect of RRTs on reducing the outcomes of interest. In cohort and case-control studies, this effect was reported as RR or odds ratio (OR). In pre-post studies, the effect was reported as rates during the periods before and after the intervention.
To allow comparison of the impact measures, we pooled the effectiveness estimates extracted from all studies. For cohort and case-control studies, effectiveness was presented as 1-OR or 1-RR. When possible, the effectiveness of pre-post studies was calculated as the percent decrease of the rates of interest following the intervention using the following formula: (preoccurrence rate -post occurrence rate)/preoccurrence rate x 100.
The results are presented for the comparisons of study design and type of outcome.
Statistical analysis
Meta-analyses of primary study results were performed using the inverse variance method in random effects models to compensate for heterogeneity across studies, and the analyses were conducted using Review Manager 5.3 software.
RESULTS
Overall, 278 articles were identified, five of which were duplicates and excluded. We evaluated the titles and abstracts of 273 articles, but 256 of these studies did not meet the inclusion criteria. Thus, 17 full text articles were evaluated, two of which were excluded because they did not meet the required quality standards (Figure 1) . Finally, 15 articles published between 2000 and 2016 were included, including 2 clinical trials, 3 meta-analyses and 10 observational studies.
A total of 12 studies evaluated mortality. Nine of these studies yielded results indicating that RRTs are associated with a significant reduction in mortality, with estimates varying from 10 -48%. (25, 26, 29, 34, 36, (41) (42) (43) The three remaining studies did not find RRTs to be effective in achieving reduced mortality. (24, 38, 40) Of the three metaanalyses included, two reported no significant reduction in mortality. (24, 38) However, the most recent meta-analysis conducted in 2015 indicated a statistically significant reduction (Table 4) .
Eleven studies considered the occurrence of cardiopulmonary arrests. Nine of these studies, including two meta-analyses, presented results indicating that RRTs are associated with a significant reduction in cardiopulmonary arrest occurrence, with ORs ranging between 0.47 and 0.74. (25, 29, (35) (36) (37) 39, (41) (42) (43) The remaining two studies did not find RRTs to be effective in reducing cardiopulmonary arrest (Table 4) . (35, 38) The most recent meta-analysis, which was conducted in 2015 and included studies published until 2013, reported the following pooled measures of RRT effectiveness: 13% for mortality (95%CI 5 -19) and 35% for cardiopulmonary arrest (95% CI 30 -39) . Two studies that were conducted in 2014 and 2015 and not included in that meta-analysis also reported a significant reduction in mortality, with an RR of 0.76 (26) and OR of 0.80. (29) In Brazil, RRTs have been found to be associated with significant reductions in the occurrence of mortality (11%) and cardiac arrest (52%) ( Table 4) . (43) The results of the meta-analysis of studies reporting mortality suggested that RRTs demonstrated a protective effect, with a risk ratio of 0.85 (95%CI 0.76 -0.94); similar results were identified for the occurrence of cardiac arrest (RR 0.65; 95%CI 0.49 -0.87). Significant heterogeneity was observed (Figures 2 and 3) . Evidence was assessed as low quality by the GRADE system due to high heterogeneity and risk of bias in primary studies.
DISCUSSION
This systematic review found that the implementation of RRT can be issued as a B level recommendation because most studies have shown that teams effectively reduce in-hospital mortality and the occurrence of cardiac arrest in adults in open hospital units. Findings from the meta-analysis suggests that RRTs are associated with a 15% reduction in mortality. Table 3 presents the articles included in the review and the results of the initial quality evaluation, including the scores assigned using the NOS (31) for observational studies, modified Jadad scale (32) for clinical trials, and AMSTAR for systematic reviews. Methodological limitations were observed in most studies, but they did not appear to compromise the validity of their results and did not result in exclusion.
The study population assessed, study design employed, outcomes evaluated, effectiveness estimates and their corresponding 95%CI and p-values, and level of evidence classification are described for each study included in this review (Table 4) . Although the evidence supports only a B level of recommendation, it is important to consider ethical issues that may derail the provision of results with the highest level of evidence. The ethics of conducting studies to evaluate the effectiveness of RRTs may be questionable, as one group of patients receives the intervention, while the other is deprived of it. This complicates the use of control groups, the randomized allocation of the intervention, and the blinding of subjects to their received intervention. However, since it is a controversial issue, a clinical trial may be performed.
In an assessment of the optimal epidemiological design for evaluating health service quality, observational cohorts were identified as one of the best possible approaches available. (44) This is why many studies utilized a pre-post design, at times using historical controls, which reduced the strength of the provided evidence. Thus, we believe that the evidence presented in this study may be the optimal way to assess the effectiveness of RRTs.
Nine of the fifteen evaluated studies found a significant reduction in mortality following the implementation of RRT, including a study and a meta-analysis that were recently published in 2015. (25, 26, 29, 36, 39, (41) (42) (43) For cardiorespiratory arrest, nine of the eleven studies reporting this outcome also indicated satisfactory results, showing a statistically significant reduction in cardiorespiratory arrest when hospitals implemented RRTs. (25, 29, 34, 37, 39, (41) (42) (43) The heterogeneity of the results is due in part to the different settings in which each study was performed, as well as to the different designs that each study used and the number of patients evaluated. Furthermore, the composition of teams in each study and the manner detecting clinical deterioration were not strictly the same, although sufficiently comparable.
Some previous studies have reported on the implementation of RRTs in Brazil. (5, 43, 45, 46) A large private tertiary hospital in São Paulo that instituted an RRT in 2005 evaluated the impact of this implementation. That study demonstrated that RRT implementation was associated with a significant reduction in the rates of cardiorespiratory arrest (from 3.54 to 1.69 per 1,000 discharges) and in-hospital mortality (16.27 to 14.34 deaths per 1,000 discharges). (43) One of this study's limitations was the heterogeneous nature of the hospitals in which RRT have been assessed. Many if the included studies used historical controls, the implications of which have been previously mentioned and discussed. In addition, randomized controlled intervention trials and blinded assessments of the effectiveness of the intervention were not identified. Finally, gray literature was not searched, and language was restricted.
CONCLUSION
We conclude that rapid response teams may reduce in-hospital mortality and cardiac arrest, although the quality of evidence for both outcomes is low.
Objetivo: Avaliar a efetividade de times de resposta rápida com uso de identificação precoce de deterioração clínica, na redução das ocorrências de parada cardiorrespiratória e morte no hospital.
Fontes de dados: Realizaram-se buscas nas bases de dados MEDLINE, LILACS, Cochrane Library e Center for Reviews and Dissemination.
Seleção de estudos: Incluímos trabalhos que avaliaram a efetividade de times de resposta rápida em unidades hospitalares de pacientes adultos, publicados em inglês, português ou espanhol, no período entre 2000 e 2016. Consideraram-se elegíveis revisões sistemáticas, ensaios clínicos, estudos de coorte e ecológicos pré-pós. A qualidade dos trabalhos foi avaliada de forma independente por dois dos pesquisadores com utilização das escalas Newcastle-Ottawa e Jadad modificada, e da ferramenta Assessment of Multiple Systematic Reviews.
Extração dos dados:
Os resultados foram resumidos e tabulados. Quando os autores dos estudos incluídos relataram medidas de risco, estimamos a efetividade como 1-RR ou 1-OR. Nos estudos pré-pós, estimamos a efetividade como a diminuição porcentual nas taxas após a intervenção.
Resultados: Identificou-se um total de 278 trabalhos, dos quais 256 foram excluídos após avaliação do resumo, e dois outros após avaliação do texto completo. Na metanálise dos estudos que relataram dados de mortalidade, calculamos uma proporção de risco de 0,85 (IC95% 0,76 -0,94); para os trabalhos que relataram dados de parada cardíaca, o cálculo da proporção de risco foi de 0,65 (IC95% 0,49 -0,87). A evidência foi de baixa qualidade em razão da heterogeneidade e do risco de viés nos ensaios primários.
Conclusão: Os times de resposta rápida podem reduzir a incidência de morte e parada cardíaca no hospital, embora a qualidade da evidência seja baixa para ambos os desfechos.
RESUMO
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